Background and study aim: Renal dysfunction often develops in patients with liver cirrhosis. Hepatorenal syndrome (HRS) represents the end-stage of reduction in renal perfusion. Duplex Doppler ultrasonography of the kidneys is a noninvasive method to assess blood flow and arterial vascular resistance as a parameter for vasoconstriction. This study aimed to assess the role of renal resistive index as a non-invasive marker for early detection of functional renal impairment in patients with liver cirrhosis.
INTRODUCTION
Advanced liver cirrhosis is associated with poor clinical outcome. Therefore, assessment of prognosis is important in the management of these patients [1] .
Renal dysfunction often develops in patients with liver cirrhosis. In its most severe form, this kidney dysfunction is termed the hepatorenal syndrome, which is one of many potential causes of acute kidney injury in patients with acute or chronic liver diseases. Affected patients usually have portal hypertension due to cirrhosis, but can also have fulminant hepatic failure from any cause [2] .
Hepatorenal syndrome represents the end-stage of reduction in renal perfusion induced by increasingly severe hepatic injury [3] . Despite notable splanchnic arterial vasodilatation and hyperdynamic circulation, patients with cirrhosis show increased renal arterial tone, resulting in poor renal perfusion [4] .
Decreased peripheral vascular resistance with activation of compensatory mechanisms [the sympathetic nervous system (SNS), renin-angiotensinaldosterone system (RAAS) and antidiuretic hormone (ADH)] leads to renal vasoconstriction [5] .
In liver cirrhosis, serum creatinine is inaccurate in diagnosis of renal dysfunction as it overestimates renal function due to decreased creatinine production by the liver, protein calorie malnutrition and muscle wasting, therefore, better methods to diagnose this early stage of renal disease are needed [6].
Duplex Doppler ultrasonography of the kidneys is an easy and non-invasive method to assess blood flow and arterial vascular resistance as a parameter for vasoconstriction [7] . The arterial resistive index (RI) is the most widely used parameter to estimate the arteriolar vascular resistance. It is regularly used for screening of transplant rejection or to diagnose renal artery stenosis [8] .
A positive correlation has been described between intrarenal RI and plasma renin activity as well as, plasma aldosteron concentration. The activation of the renin-angiotensin-aldosterone system plays an important role in the pathogenesis of hepatorenal syndrome [9] . The aim of the present work was to assess the role of renal resistive index as a non-invasive marker for early detection of functional renal impairment in patients with liver cirrhosis.
PATIENTS AND METHODS
This study was conducted on 80 patients with liver cirrhosis (proved by clinical examination, laboratory and radiological studies) and 20 healthy subjects without evidence of any liver or kidney disease as controls. Patients 
RESULTS

Demographics of the studied groups
There was no statistical significant difference between studied groups as regards age and sex distribution (p value >0.05). Cirrhotic patients without ascites (group I) were 14 males (70%) & 6 females (30%) with their mean age 45.5±15. There was a statistical high significant difference between cirrhotic patients without ascites and cirrhotic patients with ascites regarding Child classification (p value <0.001). Most patients in GI were Child A (18 patients, 90%) on the other hand, the majority of patients in GII were Child C (49 patients, 81.7%).
Regarding abdominal ultrasound findings among studied groups, there was a statistical high significant difference between the studied groups regarding size of liver and spleen, portal vein dilatation and the amount of ascites (p value <0.001). There was no statistical significant difference between the cirrhotic patients without ascites and cirrhotic patients with ascites regarding the etiology of liver cirrhosis (p value = 0.69). Chronic HCV was the commonest etiology of cirrhosis in both groups.
There was a statistical high significant difference between the studied groups regarding kidney function tests and serum Na (p value < 0.001).
There was a statistical high significant increase in blood urea and serum creatinine as well as, a statistical high significant decrease in serum Na in patients with massive ascites and patients with hepatorenal syndrome in comparison with other groups. There was a statistical high significant difference between the studied groups regarding MELD and MELD-Na scores (p value <0.001). There was high significant increase in MELD and MELD-NA scores in patients with massive ascites and patients with hepatorenal syndrome in comparison with other groups as well as when compared with each other, however there was no statistical significant difference between cirrhotic patients without ascites (GI) and cirrhotic patients with mild to moderate ascites (GIIa). Table ( 2)
There was a statistical high significant difference between the studied groups regarding 24 hour urine output and 24 hour urinary Na (p value < 0.001). There was a significant decrease in 24 hour urinary Na in cirrhotic patients with massive ascites and patients with hepatorenal syndrome in comparison with other groups, however there was no statistical significant difference between cirrhotic patients with mild to moderate ascites (GIIa) and cirrhotic patients with massive ascites (GIIb). Table ( 2) There was a statistical high significant difference between the studied groups regarding renal resistive index (p value <0.001). In this study, the mean renal resistive index was significantly higher in all cirrhotic patients groups (GI and GII a,b,c) than in control group. There was a statistical high significant increase in resistive index in patients with massive ascites and patients with hepatorenal syndrome in comparison with other groups. On the other hand, there was no statistical significant difference between cirrhotic patients without ascites and cirrhotic patients with mild to moderate ascites (Table  3) . Table ( P1:<0.001** P2:<0.001** P3:<0.001** P4:<0.001** P5:>0.05 P6:<0.001** P7:<0.001** P8:<0.001** P9:<0.001** P10:0.001** *Significant ** highly significant F: ANOVA test P1:between GIII and GI , P2:between GIII and GIIa , P3:between GIII and GIIb , P4:between GIII and GIIc , P5:between GI and GIIa , P6:between GI and GIIb , P7:between GI and GIIc , P8:between GIIa and GIIb , P9:between GIIa and GIIc , P10:between GIIb and GIIc There was a statistical high significant positive correlation between renal resistive index and child score (r = 0.539), age (r = 0.226), total bilirubin (r = 0.678), blood urea (r = 0.815), serum creatinine (r = 0.818), MELD score (r = 0.739) and MELD-NA score (r = 0.807) and there was a statistical high significant negative correlation between RI and serum albumin (r = -0.621), prothrombin concentration (r = -0.535), platelets count (r = -0.422), serum sodium (r = -0.778), 24 hours urinary sodium (r = -0.688). Table (4) . Figure. [5] .The intra-renal resistive index (RI) is the most frequently used parameter to assess intra-renal resistance and is calculated based on intra-renal duplex Doppler ultrasound measurements [18] .
In this study the statistical analysis revealed no significant difference between the studied groups as regards age and sex distribution, this ensures that the demographic data has no effect on the results of the study indicating no bias in it.
Regarding liver function tests, there was a statistical high significant difference between the studied groups regarding total bilirubin, serum albumin, prothrombin concentration, AST and ALT. These results were in agreement with those reported by Goyal et al. [19] who stated that, there were significant differences in prothrombin concentration, AST, ALT, serum albumin and serum bilirubin between cirrhotic patients without ascites and cirrhotic patients with ascites. Also, Fouad et al. [20] reported that, prothrombin concentration and serum albumin were significantly higher while, serum bilirubin was significantly lower in patients with compensated liver cirrhosis than patients with decompensated cirrhosis and patients with hepatorenal syndrome.
In this study, there was no statistical significant difference between the cirrhotic patients without ascites and cirrhotic patients with ascites regarding the etiology of liver cirrhosis. Chronic HCV was the commonest etiology of cirrhosis in both groups (95%) in GI and (91.7%) in GII. This result agreed with the study done by Amer et al. [21] who reported that, the prevalence of HCV infection in Egypt is the highest reported worldwide of 14.7% and about 85% of those infected with HCV will develop chronic hepatitis of varying severity, nearly 20% of patients develop cirrhosis in 10-20 years.
Regarding the blood urea and serum creatinine, this study detected that, there was a statistical high significant difference between the studied groups (p value <0.001). There was a high significant increase in blood urea and serum creatinine in patients with massive ascites and patients with hepatorenal syndrome in comparison with other groups while, there was no statistical significant difference between cirrhotic patients without ascites and both control and cirrhotic patients with mild to moderate ascites. In agreement with this result, the study done by Nix et al. [22] who determined that, serum creatinine and blood urea levels in patients with the hepatorenal syndrome was significantly higher than that of other different groups (p<0.05) but there was no significant changes in creatinine levels between cirrhotic patients without ascites and control group. While, creatinine levels in cirrhotic patients with ascites was higher than that in cirrhotic patients without ascites.
In the present study, there was a statistical high significant difference between studied groups as regards serum sodium levels and there was highly significant decrease in serum sodium in patients with massive ascites and patients with hepatorenal syndrome in comparison with other groups. These results were in agreement with Sikarwar et al. [23] who found that, there was decrease in serum sodium in patients with decompensated cirrhosis in comparison with compensated cirrhosis mostly due to dilutional hyponatremia. Also, Gines and Guevara [24] reported that, low serum sodium levels are very common finding in patients with hepatorenal syndrome.
Regarding 24 hours urinary sodium of patients in GI and GII, there was a statistical high significant difference between the two groups. There was a significant decrease in 24 hours urinary Na in cirrhotic patients with massive ascites and patients with hepatorenal syndrome in comparison with other groups. Also, there was a statistical significant difference between cirrhotic patients without ascites and cirrhotic patients with mild to moderate ascites. This was in agreement with Kenawi et al. [25] who reported that, the urine sodium excretion in patients with chronic liver disease decreases with progression of disease and also with Fouad et al. [20] who reported that, urinary sodium excretion decrease in patients with hepatorenal syndrome. Sikarwar et al. [23] detected that, the mean urinary sodium concentration was significantly higher in cirrhotic patients without ascites than in cirrhotic patients with ascites and it was also higher in cirrhotic patients with ascites than in patients with hepatorenal syndrome.
In this study, the mean renal resistive index was significantly higher in all cirrhotic patients groups (GI and GIIa,b,c) than in control group. This result was in agreement with Cazzaniga et al. [20] who showed that, intra-renal RI was significantly higher in patients with cirrhosis than in healthy subjects. Also Masahiko et al. [28] demonstrated that, resistive index was significantly higher in cirrhotic patients compared to controls and compared to patients with chronic hepatitis.
Abuelo [29] reported that, the increase in renal vascular RI in cirrhotic patients with ascites can be explained by a physiological homeostatic response to vascular under filling occurring in ascitic patients. When the vascular under filling is moderate, the renal vasoactive substances are effectively counterbalanced by increased renal synthesis of prostaglandins so that, renal blood flow and GFR remain normal. In contrast, when the vascular under filling is severe, intense stimulation of endogenous vasoconstrictor systems occurs, producing renal vasoconstriction and impairment of renal blood flow and GFR. Colle et al. [30] reported that, intra-renal blood flow is preserved in cirrhotic patients by intra-renal mechanisms until the ascites becomes refractory. When this regulation fails renal ischemia causes tubular necrosis, azotemia and oliguric renal failure.
In the current study, there was a statistical high significant increase in mean renal resistive index of both kidneys in patients with massive ascites and patients with hepatorenal syndrome in comparison with other groups. On the other hand, there was no statistical significant difference between cirrhotic patients without ascites and cirrhotic patients with mild to moderate ascites.
These results were in agreement with Maroto et al. [31] who demonstrated that, RI was significantly higher in decompensated cirrhotic patients with ascites than in compensated cirrhotic patients and that the RI of compensated cirrhotic patients is higher than in the controls. They reported that, these results were highly sensitive and specific for the diagnosis of HRS. Also, in another study, Bardi et al. [31] reported that, patients with HRS had significantly higher values of RI than those without HRS. The relative risk of developing HRS in patients with an RI = 0.70 was high. RI is a useful indicator in patients with cirrhosis and ascites for the diagnosis and prognosis of HRS.
In this study, there was a statistical high significant difference between the cirrhotic patients without ascites and cirrhotic patients with ascites regarding Child classification. Most patients in GI were child A, on the other hand, the majority of patients in GII were Child C. There was a statistical high significant positive correlation between renal resistive index and child classification. This result was in agreement with the study done by Yan In this study, there was a statistical high significant positive correlation between renal resistive index and age and total bilirubin and there was a statistical high significant negative correlation between renal resistive index and serum albumin, prothrombin concentration and platelets count. This result agreed with Abdel-Bary et al. [35] who detected that, RI had a significant positive correlation with age and total bilirubin (r =0.593, P<0.001) and there was a significant negative correlation between renal RI and prothromin concentration and serum albumin (r =_0.407, P<0.001) (35) .This result disagreed with Moustafa et al. [34] who reported that, there was no significant correlation between renal RI and serum albumin.
Regarding the correlation between renal resistive index and serum sodium there was a statistical high significant negative correlation between them (p value <0.001). In agreement with this result Abdel-Bary et al. [35] who reported that, there was negative correlation between RI and serum sodium (r= -0.341, P value <0.001).
This study showed a highly significant positive correlation between renal resistive index and blood urea & serum creatinine. This result agreed with Sikarwar et al. [23] who reported that, there was positive correlation between the values of RI and blood Urea and serum creatinine. It was observed that, increased renal RI value in cirrhotic patients was associated with corresponding increase in blood urea level and serum creatinine. This is in contrast to Pompili et al. [36] who reported that, there was no significant correlation between renal RI and serum creatinine.
In this study, there was a statistical high significant positive correlation between renal resistive index and MELD (r= 0.739, p value < 0.001) and MELD-Na scores (r= 0.807, p value <0.001). Theses results agreed with Abdel-Bary et al. [35] who detected that, there was a significant positive correlation between RI and MELD (r= 0.859, P<0.001) and MELD Na (r= 0.769, P<0.001) (35) . Patients with high MELD score had higher RI. These results also were in agreement with those of Umbro et al. In this study, Resistive index ROC curve analysis showed that, RI had AUROC = 0.997 and if the Cutoff point of renal RI was 0.71, the sensitivity of the test was 100%, the specificity was 80%, PPV was 44%, NPV was 100% and accuracy was 82%. The results of this study were close to that reported by Abdel-Bary et al. [35] who stated that, RI ROC curve analysis showed that RI had AUROC = 0.903 (95% CI: 0.835-0.949 and P<0.001). At a cutoff value of RI >0.73, renal resistive index had sensitivity of 100% and specificity of 66.36% (35) .
CONCLUSION
From the present study, we conclude that, renal duplex Doppler ultrasound is useful as a noninvasive method for the evaluation of the renal hemodynamic changes in cirrhotic patients with good correlation to the severity of liver disease. The RI may help identify a subgroup of high-risk patients with a poor prognosis that require special therapeutic care. Funding: None. Conflicts of interest: None. Ethical approval:Approved.
